Background: The World Health Organization (WHO) recommends that the role of pharmacists in low-income settings be expanded to address the increasing complexity of HIV antiretroviral (ARV) and co-infection drug regimens. However, in many such settings including in India, many pharmacists and pharmacy workers are often neither well trained nor aware of the intricacies of HIV treatment. The aims of our study were; to determine the availability of ARVs, provision of ARVs, knowledge about ARVs, attitudes towards HIV-infected persons and selfperceived need for training among community-based pharmacies in an urban area of India. Methods: We performed a survey of randomly selected, community-based pharmacies located in Pune, India, in 2004India, in -2005 to determine the availability of ARVs at these pharmacies, how they were providing ARVs and their selfperceived need for training. We also assessed knowledge, attitudes and perceptions on HIV and ARVs and factors associated with stocking ARVs. Results: Of 207 pharmacies included in the survey, 200 (96.6%) were single, private establishments. Seventy-three (35.3%) pharmacies stocked ARVs and 38 (18.4%) ordered ARVs upon request. The reported median number of ARV pills that patients bought at one time was 30, a two week supply of ARVs (range: 3-240 pills). Six (2.9%) pharmacy respondents reported selling non-allopathic medicines (i.e. Ayurvedic, homeopathy) for HIV. Ninety (44.2%) pharmacy respondents knew that ARVs cannot cure HIV, with those stocking ARVs being more likely to respond correctly (60.3% vs. 34.8%, p = 0.001). Respondents of pharmacies which stocked ARVs were also more likely to believe it was a professional obligation to provide medications to HIV-infected persons (91.8% vs. 78.8%, p = 0.007) but they were also more likely to believe that HIV-infected persons are unable to adhere to their medicines (79.5% vs. 40.9%, p < 0.01). Knowledge of the most common side effects of nevirapine, abnormal liver enzyme profile and skin rash, was reported correctly by 8 (3.9%) and 23 (11.1%) respondents, respectively. Seven (3.4%) respondents reported that they had received special training on HIV, 3 (1.5%) reported receipt of special training on ART and 167 (80.7%) reported that they believed that pharmacy staff should get special training on ART.
Background
In HIV management, pharmacists in many high-income countries play an important role in working with other health care providers (HCP) to ensure quality care and treatment, including educating patients about medications, adherence counseling, and assessing drug-drug interactions [1, 2] . This requires being up-to-date regarding HIV and antiretroviral therapy (ART). In contrast, in low-income settings, the role of pharmacists and pharmacies has traditionally been a point of dispersal of medicines. Many, including the World Health Organization (WHO), recommend that this role be expanded to address the increasing complexity of ART and co-infection drug regimens [3] . However, in these settings as in India, many pharmacists and pharmacy workers are often not well trained, yet engage in practices that extend beyond medicine dispensing, including providing inadequate advice about medications and ailments [4] [5] [6] . Furthermore, it is common for individuals in low-income settings to seek the advice of pharmacists and medicine shops first rather than HCP for the treatment of common ailments [7] [8] [9] . In the context of HIV/AIDS and TB, such practices are particularly problematic and are likely to contribute to increasing drug resistance and treatment failure in the community [10] .
India has an estimated 2.5 million persons living with HIV and many are in need of ART [11] . HIV-infected patients in India can access ART either by self-paying for their care in the largely unregulated private health sector or, as of 2004, at select government hospitals where ART is now being provided for free under the National AIDS Control Programme [11] . Despite free ART, some patients continue to access private pharmacies for their ART, including second-line antiretroviral drugs (ARVs) such as protease inhibitors, which remain largely unavailable in most government programs. In 2005, there were 559,408 registered pharmacies throughout India, reflecting a pharmacist to population ratio of 1:1,840, which is better than the average ratio of 1:2,300 reported in high-income countries [12] .
We surveyed community-based pharmacies in Pune, India, a region with a high prevalence of HIV according to national India HIV surveillance estimates; to determine the availability of ARVs, provision of ARVs, knowledge about ARVs, attitudes towards HIV-infected persons and self-perceived need for training. Such data are needed to guide the role and needs of pharmacies and pharmacists in HIV management in low-income countries such as India.
Methods

Survey sample
The study was approved by the National AIDS Research Institute (NARI) Ethics Committee and the Johns Hopkins University Institutional Review Board. A survey of licensed community-based pharmacies in Pune, India was conducted between December 2004 and April 2005. Pune was selected because it is a high HIV prevalent district (HIV prevalence >1% in antenatal women), has many providers who have an HIV practice and because at the time, the Government's free ARV access program had not yet been initiated and therefore ART was accessed privately through community-based pharmacies. In order to accomplish this survey, we used a combination of sampling approaches. First, Pune, which consists of 48 electoral wards, was divided into four geographic areas (North, South, East, West). One electoral ward from each of these four areas was randomly selected. Trained study staff conducted a door-to-door mapping of each of these four wards to identify all pharmacies that were currently in business. All pharmacies identified by this method were approached for interview. Secondly, a list of 670 licensed pharmacies across Pune city was obtained from the Pune Chemists and Pharmacists Association (PCPA). A random sample of the pharmacies from this list was also included in the survey. Seven (11.8%) of 59 pharmacies that were identified from the ward sampling were already on the sample selected from the PCPA list and therefore were excluded, leaving 52 potentially eligible pharmacies from the ward sampling. Pharmacies were first contacted by telephone and an appointment was set up for the survey among those pharmacies that were contactable and willing to participate. The survey was administered by trained personnel via a face-to-face interview in the local Marathi language. The survey instrument was developed in English and translated. The survey was piloted and minor changes were made to improve the flow and clarity of the survey. We excluded pharmacies whose owners/pharmacists refused participation or whose doors were closed/unavailable for three visits at three different time points.
Survey Instrument and data collection
We collected information regarding the characteristics of the pharmacy and pharmacist, as well as respondents' knowledge and perceptions regarding sexually transmitted infections (STIs), HIV, and ART. The survey also focused on specific characteristics of ARVs, such as whether ARVs are stocked, specific ARVs most commonly stocked, and the number of prescriptions dispensed by a particular establishment.
HIV-and ART-specific knowledge of the respondent was assessed through self-assessed ability to name ARVs as well as the objective confirmation of this ability. A knowledge-specific section assessed respondents' ability to correctly identify the side effects and appropriate combinations of ARVs. An assessment of respondents' perceptions and attitudes toward STIs, HIV, and ART was also completed using 5-point Likert scale. Questions which gauged respondents' confidence in dispensing ARVs, training on HIV, beliefs regarding HIV patients, professional obligation to provide treatment, and patient's responsibility for their illness were included. (Additional file 1)
Statistical Methods
Double data entry was performed and data were entered into Microsoft Access. The major outcome variables considered were 1) whether or not the pharmacy stocked ARVs and 2) pharmacist's self-assessed need for HIV/AIDS training. The independent variables examined in relation to both outcomes were whether or not the respondent could name ARVs correctly, and the knowledge and attitude/perceptions scores. Other independent variables such as the size of the establishment, the presence of an air conditioner, and the number of years in business were also considered.
Size of the pharmacy was established based upon the number of prescriptions dispensed per month, with a small pharmacy being defined as less than 2000 and a large pharmacy as 2000 or more prescriptions dispensed per month. Correct naming of ARVs was first verified, and then a value was assigned to each respondent for correct number of drugs named. Respondents who correctly identified at least one ARV were then split into two groups based on whether they could name at least three drugs correctly or not. The items in the 5-point Likert scale were recoded into three categories: 'disagree', 'not sure', and 'agree'.
Knowledge scores were calculated using responses to six HIV-specific knowledge questions from the survey. Correct answers were given 1 point while incorrect responses or 'don't know' were coded as 0. Certain questions contained multiple parts, and points were awarded for responses from each part. Ultimately, assigned scores reflected a total possible range from a minimum of 0 to a maximum of 19, for all correct answers. Association of knowledge and attitudes with 'stocking ARV' was tested using Pearson's χ 2 test or Fisher's exact test when cell size was small (< 5 observations). Univariate and multivariate analyses were performed using logistic regression models. Odds ratios (OR) were calculated and the variables with p-value less than 0.2 in univariate were entered in the multivariate model to calculate adjusted odds ratios (AOR) and 95% confidence intervals, except for "correctly named ARV drugs" as it was highly collinear with "could name ARV drugs". Data were analyzed in SPSS 15.0 for Windows, SPSS Inc. 1989 -2006.
Results
Characteristics of survey respondents
Of 309 pharmacy establishments approached, 207 (67.0%) consented to participation. Of these 207, 159 (76.8%) were sampled from the PCPA list of 670 pharmacies and 48 (23.2%) were sampled by approaching every single pharmacy mapped in the four electoral wards. The response rate for the ward-sampled pharmacies was 92.3% (48/52). The majority of the survey respondents were the owners of the pharmacy (n = 183, 88.4%). (Table 1 ) Of 207 pharmacies, 200 (96.6%) were single, private establishments, 4 (1.9%) were private pharmacies that were part of a chain, and 3 (1.5%) were hospital pharmacies (2 were part of the randomly selected sample from the PCPA list and one was identified from the door-to-door mapping).
The majority (67.1%) of these pharmacies were small establishments (dispensing less than 2,000 prescriptions per month), with a median number of one employee. For the majority of pharmacies, the highest training of on-site pharmacists was the diploma in pharmacy and only 4 (2.3%) had received any post-graduate training. Seventy-three (35.3%) pharmacies stocked ARVs. The most commonly stocked ARVs were lamivudine (n = 46, 63.0%), fixed-dose combination of stavudine/lamuvidine/nevirapine (n = 39, 53.4%), and zidovudine (n = 33, 45.2%). An additional 38 (18.3%) pharmacies ordered ARVs upon request. The reported median number of ARV tablets or capsules that patients bought from pharmacies at one time was 30, a two-week supply of ARVs (range: 3-240 pills). Of 111 respondents from pharmacies which either stocked or ordered ARVs upon request, 28 (25.7%) believed that their patients use the same prescription to refill ARVs without seeing a HCP. Additionally, 6 (2.9%) respondents reported that they sell non-allopathic medicines (i.e. Ayurvedic, homeopathy) for HIV.
HIV and ART-related knowledge
Of 207 respondents, 134 (65.1%) were able to name at least one opportunistic infection (OI) drug correctly, 131 (63.3%) could name at least one ARV correctly and 5 (2.4%) could name 5 ARV drugs correctly. (Table 1 ) Ninety (44.2%) respondents reported knowing that ARVs can never completely cure HIV, with those stocking ARV being more likely to correctly respond (60.3% vs. 34.8%). (Table 2 ) Only a small proportion (≤15%) of respondents who stocked ARVs knew how many ARVs should be in an ideal ART regimen or that it was not safe to administer AZT with d4T, and only 1.4% of those who stocked ARVs were aware of efavirenz being a drug not recommended in early pregnancy.
When asked what advice is acceptable for a patient who cannot afford to take two tablets of a drug like 'Triomune' (fixed-dosed combination of stavudine/lamuvidine/nevirapine) a day, 72 (34.8%) answered that they would recommend speaking to a doctor right away. Knowledge of the two most common side effects of nevirapine, an abnormal liver enzyme profile and skin rash, were correctly reported by 8 (3.9%) and 23 (11.1%) respondents, respectively.
Attitudes and perceptions
Fifty-four (26.1%) respondents felt that pharmacists or others in their establishment had a role in how patients take ARVs. Forty-six (22.2%) stated that they or others in their establishment had actually been asked by patients for advice on how to take ARVs, and 44 (21.3%) reported that they give advice to patients about taking ARV drugs. When asked to rate statements regarding their attitudes towards HIV patients, 171 (82.6%) respondents felt it was a professional obligation to provide medications to persons with HIV/AIDS and 197 (95.2%) reported that they did not worry about HIV exposure when dispensing medications to an HIV patient. Furthermore, 110 (53.1%) reported that patients with STIs/HIV have looser sexual morals, and 112 Factors associated with ARV stocking and need for HIV training
Stocking of ARVs was associated with large pharmacy size, air conditioning, and respondents being able to name at least 3 ARVs. (Table 4) In terms of HIV training, 7 (3.4%) respondents reported that they have received special training on HIV, 3 (1.5%) reported that they had received special training on ART specifically and 167 (80.7%) reported that they believed that people who work in pharmacies should get special training on ART. There was a trend that respondents with higher knowledge scores were more likely to think that pharmacy workers need ARVspecific training compared to those with low knowledge scores (adjusted OR 16.3, 95% CI 0.94-281.9, p = 0.055). (Table 5 )
Discussion
Our study, based on a random sample of communitybased pharmacies in an urban high HIV prevalence region of India, has several important findings. First, 35% of surveyed pharmacies stocked ARVs and an additional 18% ordered them upon individual requests, showing that at the time of our survey the treatment was relatively widely available in community-based pharmacies. Second, we identified a lack of adequate knowledge regarding HIV and ART among pharmacists, including among those who stocked ARVs. While not being able to list ARV names and side effects may have been expected amongst those respondents whose pharmacy did not stock ARVs, less than one-third knew that ARVs can never completely cure HIV. Furthermore, only 6% respondents were aware that it is inappropriate to administer AZT with d4T and only 1% knew that efavirenz was not recommended during pregnancy. This lack of awareness raises concern about the qualification and ability of the respondents to distribute ARVs, particularly if this distribution is linked with advice given to the patient. We therefore identified significant knowledge gaps and need for targeted training for pharmacies, particularly those dispensing ARVs in the community.
Encouragingly, we found in a majority of pharmacy respondents a sense of professional obligation to provide medication to persons with HIV/AIDS. In addition, 95% reported that they did not worry about HIV exposure when dispensing medications to an HIV-infected person. Therefore, there appears to be a willingness to care for and provide ARVs to HIV-infected persons. Nevertheless, stigma towards HIV patients remains high with nearly two thirds of respondents believing that patients are responsible for their illness and 54% reporting that HIV patients have looser sexual morals and cannot adhere to ARV regimens. Such provider-based stigma can be a significant barrier to health care seeking and treatment for HIV-infected patients, and is associated with reduced quality of life and health outcomes [13] [14] [15] . Therefore, there is continued need to combat stigmatizing attitudes of pharmacists and other HCP towards persons living with HIV/AIDS. Despite the fact that only 26% of those surveyed felt that pharmacy staff play a role in how patients take ARV drugs, a majority (81%) felt pharmacy employees should receive specific training on HIV treatment. Only 3% of respondents stated they had ever received training on HIV and only 1% had training on ARV drugs specifically. As has been seen with pharmacists treating tuberculosis, there is a willingness to provide treatment and advice to patients despite not having formal training [10] . Training for pharmacists in India is needed to increase knowledge of safe practices and regimens, including drug names, side effects, and dosages, but also to dispel certain cultural notions that lead to stigma amongst treatment providers. The administration of an educational or training intervention would likely be best achieved through an alliance between the public and private sectors, as private providers have been shown to not follow the regulations put in place by the public sphere alone [4, 16] . However whether incentives or mandatory regulation would be optimal to implement an effective training intervention needs to be investigated [4] .
It appears to be common practice for pharmacists in India to sell loose medications and partial prescriptions [9] . In our study, we found 65% of respondents of pharmacies which stock ARVs have sold 10 or less ARV tablets or capsules to a patient at one time. While this is often done to accommodate the patient's financial ability to pay for drug, with HIV, such practices can be potentially dangerous and lead to unanticipated treatment interruptions and increase the risk of drug resistance, treatment failure and disease progression. Furthermore, 25% of respondents felt that some patients may be using the same prescription and not visiting their doctor regularly. Therefore, there is a need and opportunity for the pharmacy to serve as a check point to ensure that patients are receiving appropriate prescriptions, instructions about drug safety, and regular treatment from registered HCP. They should dispense drugs only after receiving a valid prescription written by an authorized physician. In addition, pharmacies can also serve as important checkpoints for medication adherence as pharmacy records of drug dispensing have been used effectively for estimating adherence to ART [17] . In high-income settings, almost all pharmacies have computerized databases, which greatly facilitate patient prescription tracking, appropriate drug combinations, and adherence monitoring [18] . While only 46% respondents reported having a computer on site and only 10% reported having internet access, the use of computers and internet is spreading rapidly in India. Therefore strategies using computerized pharmacy databases should be explored and incentivized in India, as these are likely to yield great benefits over time.
Our study had a few limitations. We likely had some degree of social desirability bias, which may have impacted responses related to pharmacy practices, such as the verification of prescriptions. Use of mock clients, who present symptoms and requests to pharmacists who are unaware that they are being examined could be a technique used for future studies [19] . We conducted the survey in an urban and peri-urban setting in a high HIV prevalence state of India during a time when less costly or free ART was not widely available. Therefore, our results may not necessarily be generalizable to other regions and settings in India, such as rural areas or states with lower prevalence, where there may be a decreased HIV awareness. Furthermore, our survey consisted of largely small, private pharmacies, so the results may not directly reflect the situation of very large or public hospital pharmacies. Nevertheless, the study was conducted on a sizable population and used a rigorous method of mapping and random sampling to obtain a representative sampling of community-based pharmacies in the Pune area. Since most of the ART scale-up in India since 2004 has occurred in the public government ART pharmacies, there may have been some changes in private pharmacy practices, however this would need to be confirmed. By and large, even with an expansion in the Government supported ART roll-out program in India since 2004, the accessibility to ART has not reached beyond 25% of those in need of ART [11] and some patients continue to obtain ARVs, including second line ARV drugs, from pharmacies such as those included in our study. Thus, our findings have a major relevance even today. The coupling of patient support and counseling with the distribution of treatment in licensed pharmacies could provide a much needed resource, particularly in settings where stigma may affect patients' quality of life and willingness to access treatment. Such a model has already been used in India, with the conception of a pharmacy run by persons living with HIV/AIDS for the specific provision of ART at a subsidized cost. However such a model cannot be a solution for every pharmacy in India, which provides medicines for HIV or coinfections.
Conclusions
This study emphasizes that approximately half of the community-based pharmacies surveyed that were based in a large peri-urban area of India dispense ARVs. However there was low knowledge about HIV therapies and stigmatizing attitudes towards HIV-infected patients, even among those who stocked ARVs. However encouragingly, there appears to be high willingness to participate in the provision of care for HIV-infected persons and a perceived need for focused training on HIV therapies. Before the role of the pharmacist in India is extended beyond the traditional task of dispensing medications, further training particularly in pharmacies that stock or order ARVs is needed [1, 20, 21] . Pharmacies can serve as an excellent checkpoint for ensuring appropriate HIV and co-infection therapies but only if there is appropriate training, knowledge and willingness to serve in this role.
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